SUMMARY A group of 53 patients who had suffered an attack of unilateral (n=45) or bilateral (n=8) optic neuritis more than six months before were subjected to a battery of tests to determine their spatial contrast sensitivity, visual field, and colour vision. The 106 eyes investigated were classified according to their clinical status and visual acuity at the time of the study into unaffected (n=45), recovered (n=33), and non-recovered (n=28). At least one of the three tests gave an abnormal result in 67%, 88%, 100% of the three groups respectively. The results obtained with these three tests showed a significant statistical association.
Patients with optic neuritis (ON) generally have a good short-term prognosis as regards visual acuity as tested by Snellen types. 2 Normal vision is recovered in 50 to 78% of the patients within six months. However, in some cases ON produces long-lasting objective and/or subjective visual dysfunction. 34 There are strong indications not only clinically but also electrophysiologically that ON causes impairment of the optic nerve which may persist for a long time after the initial attack."') Several authors claim that Snellen's test and similar tests of visual acuity measure only a limited aspect of visual perception,""'3 since it has been found that the visibility of objects depends not only on their sizes at high contrast but also on their luminance relative to the background.
Optic neuritis and multiple sclerosis (MS) patients have been found to have abnormal contrast sensitivity in combination with normal visual acuity. " '7 This suggests that the Snellen test of visual acuity may be an inadequate measure of visual function in investigations of the degree of recovery after ON.
In the present study clinical tests of visual function (including determination of spatial contrast sensitivity, colour vision, and visual field) were applied to a group of 53 persons, who had an attack of ON from six months to 3-5 years before the start of the study.
The main aim was to determine which combination of Visual fields were determined with the 'computerised octopus display'.27 Visual field defects were classified as either central or paracentral.
Clinical ophthalmological and neurological examinations were performed on all 53 patients. During these examinations the patients were asked whether they had only subjective visual complaints.
Statistical analysis was performed with the SPSS computer program. Differences between sets of experimental data were tested for significance by the Wilcoxon,X2, and Kendall's t-B and t-C or by regression analysis.
Results

CONTRAST SENSITIVITY
The mean contrast sensitivity curves for all three groups of eyes (unaffected, recovered, and nonrecovered) were lower than normal, that for the nonrecovered eyes being lowest (Fig. 1) . The highest incidence of contrast sensitivity abnormalities (93%) was found in the impaired eyes, the corresponding figures for the recovered and unaffected eyes being much lower (39% and 27% respectively; Table 2 ). The abnormality most frequently found in the overall group of eyes with decreased contrast sensitivity (n=51) was a reduction in contrast sensitivity for all spatial frequency ranges investigated (n=28; Table 2 ).
VISUAL ACUITY AND CONTRAST SENSITIVITY
As may be seen from Fig. 2 , a significant correlation was found between visual acuity and contrast sensitivity in each of the three frequency ranges employed, the correlation coefficients for the high, medium, and low ranges being 0-59, 0-65, and 071 respectively. A significant correlation (r=0-68) was also found between the visual acuity and the grating acuity (that is, the spatial frequency at which the ----normal ± 2S.D.
Fig Significant associations were found between reduced contrast sensitivity in the low, medium, and high spatial frequency ranges and defects of colour vision and visual field (Table 3) . Moreover, central and paracentral visual field defects also showed an association with reduced contrast sensitivity when considered separately. This is probably due to the fact that these two types of visual field defects were likewise statistically associated (p<0-001). Furthermore, colour vision disorders showed a significant association with visual field defects (p<0-001).
ASYMPTOMATIC OPTIC NERVE INVOLVEMENT (71%). The other tests yielded lower percentages of abnormalities in the eyes associated with subjective complaints: colour vision was affected in 62% and the visual field in 56%. Diminished contrast sensitivity and defects of colour vision and of the visual field showed a statistically significant association with subjective complaints (p<0-001; not shown in the tables).
COMBINATION OF TESTS
As may be seen from Table 5 , more defects of visual function can be detected if two or more tests were combined. In the non-recovered group 19 of the 27 
Discussion
INCIDENCE OF TEST ABNORMALITIES IN THE THREE GROUPS OF EYES
The first question we set out to answer was whether these tests, alone or in combination, provide us with more information than Snellen's test of visual acuity. The short answer is Yes. As may be seen from Table  5 , 100% of the non-recovered eyes (visual acuity <1.0) showed abnormalities in one or more of the three tests. Our data for these non-recovered eyes are comparable with published findings on ON in the acute stage: disturbed contrast sensitivity in 63 of 100%,' 28 visual field defects in 61 to 92%,9 colour vision defects in 63 to 99%. '1 The overall incidence of test abnormalities (55%) in the recovered eyes (visual acuity >1-0) is naturally lower than in the non-recovered eyes. The only comparable findings in the literature are those of Kirkham and Coupland,32 who found 53% colour vision abnormalities in 93 patients. However, these authors gave no information about visual acuity in (Table 4) ; only 18 from this group were associated with any signs of other CNS structures. These data stress the evidence that bilateral optic nerve involvement, either simultaneous or sequential, does not include a higher risk of development of MS. These data only partly support the report of Parkin et al., '8 who found a higher risk after bilateral simultaneous ON but not after bilateral sequential ON.
ASSOCIATIONS BETWEEN THE TESTS
Contrast sensitivity abnormalities were found in 39% of the recovered eyes in our study and in 27% of the unaffected eyes. This confirms earlier findings that normal visual acuity on Snellen testing (1.0 or more) need not always coincide with normal contrast sensitivity.'46 However, none of the previous authors subjected their results to statistical analysis in view of the relatively low numbers of patients involved. As shown in Fig. 2 , we found a'statistically significant correlation between visual acuity and contrast sensitivity in all three spatial frequency ranges. This finding seems at first sight paradoxical in view of our observation, mentioned above, that an appreciable proportion of persons with normal visual acuity (>1-0) nevertheless show a marked drop in contrast sensitivity.
However, the following consideration may help to reconcile these two sets of observations. The results shown in Fig. 2 seem to establish that there is a general tendency for a higher visual acuity to be associated with a higher contrast sensitivity. But there is a very appreciable variation about this trend, so that if we consider only good eyes, or consider only bad ones, the trend is not persistent in relation to all eyes investigated and results plotted in one curve (Fig. 2) . It is only when we consider a population with a sufficiently wide range of visual function that the statistical significance of the trend becomes clear. It now becomes understandable that, in view of the above mentioned spread in the results, many eyes may have a significantly low contrast sensitivity.
The presence of the spread in the correlation curves of Fig. 2 allows a further conclusion to be drawn, namely, that persons with a given visual acuity as measured by the Snellen chart may have an appreciably worse (or appreciably better) contrast sensitivity than might be expected. This would seem to indicate that visual skills other than the perception of contrast play an appreciable part in the correct perception of the letters on the Snellen chart.
This conclusion is in line with the claim by Campbell" 12 and Wollner and Diamond,'3 mentioned above; Snellen's test and similar tests of visual acuity measure only a limited aspect of visual perception.
The significant association we observed between reduced contrast sensitivity and defective colour vision and visual field (Table 3) is hard to understand, since each of these various types of defect may be expected to arise by a different physiological mechanism. The common factor in all these cases might possibly be a demyelinative attack on the optic nerve during the ON episodes.
